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The phenomenon in which students enter university under-prepared for the
mathematical demands of their undergraduate courses, regularly referred to as
the ‘Maths Problem’, has been widely reported in Ireland, UK, Australia, and
the US. This issue has been of particular concern in Ireland recently, with
beginning undergraduates’ performance of basic mathematical skills showing
signs of significant decline in recent years. New mathematics curricula,
commonly referred to as ‘Project Maths’, were gradually introduced into the
Irish secondary school education system from 2010 onwards. These new
curricula aim to place greater emphasis on student understanding of
mathematical concepts, use of contexts, and applications of mathematics. This
study analyses, through mathematics diagnostic test data gathered between 2008
and 2014, the change in the basic mathematical skills of beginning
undergraduates over the time period in which the new mathematics curricula
were introduced to secondary education in Ireland. It was found that students’
basic mathematical skills have declined over the time period during which the
new mathematics curricula were introduced. Significant declines in beginning
undergraduates’ performance of basic mathematical skills were observed during
the period 2008–2014, particularly among students who have achieved Higher
Level C grades and Higher Level D grades.
Keywords: curriculum change; mathematical competencies; basic mathematical
skills; mathematical under-preparedness; Project Maths
Introduction
The mathematical under-preparedness of students entering third level institutions in
Ireland has been widely reported in recent years (Cleary 2007; Faulkner, Hannigan,
and Gill 2010; Carr, Bowe, and Ní Fhloinn 2013; Treacy and Faulkner 2015). This
phenomenon in which students are under-prepared for the mathematical demands
of their undergraduate courses is regularly referred to as the ‘Maths Problem’
(Lawson, Croft, and Waller 2012). Commonly cited characteristics of this issue
include a lack of basic mathematical skills, fragmented understanding, inadequate
concept knowledge, and inability to successfully solve mathematical problems. The
‘Maths Problem’ has been highlighted as an issue of concern in Ireland, the UK,
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Australia, and the US (Lawson 2003; O’Donoghue 2004; Gill et al. 2010; Treacy and
Faulkner 2015).
In addition to this documented decline in basic mathematical skills among begin-
ning undergraduates, it has been reported that over four-fifths of school leavers in
Ireland identified significant differences in approaches to teaching and learning
between secondary level and further/higher education (Liston and O’Donoghue
2009; McCoy et al. 2014). Low retention rates in higher education STEM (Science,
Technology, Engineering, and Mathematics) courses have been linked to students’
shortcomings in mathematics (Bourn 2007) which would lead one to consider that
these reported issues in mathematics education in Ireland are cause for concern.
In Ireland, steps have been taken to address deficiencies in secondary level stu-
dents’ mathematics capabilities. Junior Cycle (lower secondary level) and Senior
Cycle (upper secondary level) mathematics curricula have been overhauled with the
introduction of ‘Project Maths’. The aim of these new curricula is to place greater
emphasis on student understanding of mathematical concepts with increased use of
contexts and applications of mathematics in real world scenarios. The new Project
Maths curricula intend to encourage a greater focus on problem-solving skills and
development of appreciation for the subject by placing mathematics in contexts fam-
iliar to students. Allied to that, assessment has been alignedwith these intended revised
classroom practices (NCCA 2008; DES 2010). Transformations in mathematics curri-
cula of this nature have been attempted before in other nations with varying levels of
success.
A brief history of international mathematics curriculum change
Significant shifts in the structure, content, and core principles of mathematics curri-
cula have been ongoing in countries such as the US, China, Japan, and the Nether-
lands, among others, in varying periods since the middle of the twentieth century.
The ‘New Maths’ movement, which focussed on structure, proof, generalisation,
and abstraction, had dominated mathematics education in the US in the 1950s and
1960s but ultimately failed due to the absence of comprehensive broad-based pro-
fessional development for teachers, while the use of abstract mathematics at an
elementary level was also major contributory factor to the downfall of the movement
(Schoenfeld 2004; Woodward 2004).
‘An Agenda for Action’, published by the National Council of Teachers of Math-
ematics (NCTM) in 1980, called for a radical change to mathematics education in the
US which would necessitate a move away from the emphasis which had been placed on
skills and procedures – a lasting residue from the ‘New Maths’ movement. Once the
core principles of ‘An Agenda for Action’ were adopted in the US, problem-solving
became the focus of school mathematics, the widespread use of calculators was pro-
moted, and there was de-emphasis of calculus (Schoenfeld 2004; Klein 2007). The
1989 ‘Curriculum and Evaluation Standards for School Mathematics’ – commonly
referred to as the ‘Standards’ – built on these recommendations by endorsing
student-centred, discovery learning through real world problems. Mathematical
skills and principles were to be learned through these problems rather than knowledge
transfer; the drive for widespread introduction of calculators intensified; and math-
ematics for its own sake was not encouraged (Klein 2007). Social justice and the
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needs of business were often referred to as reasons for the adjustments (Schoenfeld
2004).
In the 1990s, virtually all American states adopted the principles of the 1989 Stan-
dards in their mathematics curriculum design and implementation (Schoenfeld 2004;
Klein 2007). However, levels of acceptance of the new curricula varied between states
with the result that implementation of this approach was fragmented in certain
instances. For example, by 1997 California had rejected the 1989 Standards principles
in favour of new standards which relied more on the traditional ‘New Maths’ (Klein
2007). Changes such as the No Child Left Behind Act in 2001 and increased levels
of accountability prompted greater focus on standardised testing in mathematics
with a de-emphasis of reasoning, representation, and problem-solving. However, the
recent widespread adoption of Common Core State Standards in Mathematics
would indicate that there may be a return to the focus on problem-solving and
placing mathematics in context but that remains to be determined (Schoenfeld 2014).
In Japan and China, influences of Western countries, particularly the US, led to
greater emphasis on problem-solving within their respective curricula. In 1989,
Japan began to place mathematics problems in more familiar contexts in order to
develop students’ appreciation of mathematics and encourage its use in their daily
lives (Koyama 2010). In a similar fashion in 2001, China reduced the emphasis on
acquisition of knowledge and skills, instead focussing on the development of positive
attitudes and linking content to student interests and experiences (Liu and Li 2010).
The 1989 Standards proved to be a major influence as the core values of this document
were adopted and adapted to a Chinese setting. This has brought about radical
changes in curriculum, classroom, and teacher research cultures (Liu and Li 2010)
resulting in the adoption of mathematics tasks which have increased in cognitive
demand, use of multiple representations, and incidence of multiple solution
methods when compared to tasks explored before the reform (Ni et al. 2014). Math-
ematics curricula continue to evolve in China but it would appear that the ideals which
were heavily influenced by the 1989 Standards have persisted and been maintained
(Liu and Li 2010; Ni et al. 2014).
This evolution of modern mathematics education towards an emphasis on
problem-solving and the use of practical contexts can be largely traced back to the
Netherlands. The Dutch mathematics education system managed to avoid becoming
part of the ‘NewMaths’movement due to the establishment of theWiskobas project in
1968 which acted as a precursor for Realistic Mathematics Education (RME) (Van
den Heuvel-Panhuizen and Drijvers 2014). In 1970, the Freudenthal Institute in the
Netherlands began to develop the curriculum model RME. This model uses imagin-
able contexts in which mathematics is placed so that students can make sense of what
they are learning (Van den Heuvel-Panhuizen and Drijvers 2014). Freudenthal ‘felt
mathematics must be connected to reality, stay close to children’s experience and be
relevant to society, in order to be of human value’ with students active and interactive
within the learning process (Van den Heuvel-Panhuizen 2000, 3).
As the principles of RME have greatly influenced mathematics curricula in the
Netherlands (Van den Heuvel-Panhuizen and Drijvers 2014), it is not out of order
to suggest that this model has been a major factor in the consistently prolific perform-
ance of the Dutch students within the assessments carried out by The Programme for
International Student Assessment (PISA). In 2012, the Netherlands ranked as one of
the top European nations (10th out of 65 overall) in the PISA assessments, performing
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significantly above the average for participating nations (OECD 2014). The gradual
shift in an international context, as outlined previously, towards the ideals of RME
is also an indicator of the endorsement of these values in the wider mathematics edu-
cation community.
Analysis of these instances of mathematics curricula changes in an international
context led Schoenfeld (2014, 67) to conclude that ‘within any one nation, one sees
radical shifts over the course of time – often in contradictory directions’. The
current transformation in second level mathematics curricula in Ireland is another
example of this trend as the previous focus on procedural knowledge has been replaced
with a renewed emphasis on problem-solving and placing mathematics in practical
contexts. Oldham (2001) stated that the ‘New Maths’ curricular culture had, at that
time, dominated Irish post-primary mathematics teaching for the previous 40 years.
This remained the case until the transition to Project Maths which commenced in
earnest in 2010.
Successfully implementing substantial mathematics curriculum change of this
nature takes time, with impediments to this transformation regularly encountered
(Handal and Herrington 2003; Schoenfeld 2014). It has been demonstrated that one
of the key agents of mathematics curriculum change is the teachers, particularly
their knowledge, status, and opportunities for professional development and career
progression, as these factors greatly influence the application of new curricula (Liu
and Li 2010; Schoenfeld 2014). Recognition of this phenomenon is evident in an
Irish context.
The initial stages of mathematics curriculum change in Ireland
The introduction of new mathematics curricula at secondary level is not the only focus
of change in Irish secondary mathematics education. Greater attention has also been
placed on the qualifications of practicing secondary mathematics teachers in the
country. In a 2009 study, it was determined that 48% of teachers in Ireland allocated
to teach secondary level mathematics were not sufficiently qualified to do so (Ní Ríor-
dáin and Hannigan 2011). These teachers were teaching a subject which did not match
their training or education and were thus termed as being ‘out of field’. The findings
outlined in this report prompted the introduction of the Professional Diploma in
Mathematics for Teaching so that these teachers could upskill and ensure they
became fully qualified to teach mathematics at secondary level in Ireland. This 2-
year part-time blended learning programme was implemented nationwide in 2012.
The first two cohorts, consisting of approximately 300 teachers in each, graduated
in January 2015 and January 2016 while two further cohorts are working towards
this goal at present.
The National Council for Curriculum and Assessment (NCCA) in Ireland have
also outlined recommendations to support teachers during this period of curriculum
change through continuing professional development (CPD). During the initial
stages in which the new Project Maths syllabus was introduced, CPD was provided
for secondary level mathematics teachers on a national level. The conclusion of this
provision prompted the NCCA (2014) to recommend establishment of further
online support materials for teachers and also recommended that structures be put
in place to facilitate practicing mathematics teachers to achieve mathematics peda-
gogy-focussed post-graduate qualifications, ideally at Masters level.
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Mathematics performance in secondary education is the strongest predictor of suc-
cessful student progression through tertiary level education in Ireland (Mooney et al.
2010) as well as tertiary level mathematics (Faulkner, Hannigan, and Fitzmaurice
2014). Similarly, it has been proven to play an important role in a country’s economic
growth and well-being (OECD 2010). Thus, the aforementioned focus on improving
the quality of teaching and learning within the subject is imperative. The effects of
these efforts on student performance in mathematics are likely to be of great national
and international interest over the coming years. This study aims to offer early indi-
cations of some elements of these effects, particularly the effects on student perform-
ance of basic mathematical skills as they transition from secondary to tertiary
education.
The findings outlined in this paper will track changes in beginning undergraduate
students’ mathematics competencies in specific topics between 2008 and 2014. The
means by which these students’ performances of basic mathematical skills were deter-
mined – the University of Limerick (UL) mathematics diagnostic test – will be out-
lined along with a general profile of the students’ mathematical backgrounds.
Furthermore, a detailed analysis of the trends related to student performance on the
UL mathematics diagnostic test will be tracked and discussed in detail.
Mathematical background of beginning undergraduates in Ireland
The vast majority of students who leave secondary level education to enter tertiary
level education in Ireland have studied mathematics throughout their time in second-
ary school (SEC 2014). Mathematics is one of three compulsory subjects in the
Leaving Certificate examinations – the final examinations for students at secondary
level. Typically at age 17 or 18, students sit the Leaving Certificate mathematics exam-
ination at one of three levels –Higher, Ordinary, or Foundation. Changes in how these
students have been assessed in mathematics at Leaving Certificate have occurred since
2012 with the introduction of Project Maths. This curriculum was gradually phased in
to the Senior Cycle – the final two years of secondary level education – in all Irish sec-
ondary schools, starting in September 2010 (DES 2010). Elements of the Project
Maths syllabuswere thus incorporated into the Leaving Certificate mathematics exam-
inations in June 2012, with gradually more added in June 2013. The first examination
to be completely based on the new curriculum in all Irish secondary schools took place
in June 2014.
This timeline was important when determining the data to explore within this
research. The years 2008–2014 were selected so that a pattern could be observed in
the years before the phased introduction of the new curriculum, as well as the years
in which the new curriculum was gradually introduced, and the first year (2014) in
which the new curriculum was fully implemented within the Leaving Certificate exam-
inations. In November 2013, an early assessment of the impact of Project Maths was
published which concluded that there did not appear to be any link between the new
curriculum and any overall decline or progression in students’ achievement in math-
ematics (Jeffes et al. 2013). The analysis outlined in this paper will examine these
claims and provide further evidence of the initial effects this curriculum change has
had on student performance of basic mathematical skills in specific topics.
The importance of the effects of this change in curriculum can be linked, among
other factors, to the fact that results in the Leaving Certificate examinations determine
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whether or not a student transitions directly from secondary education to their chosen
course of study at tertiary level in Ireland. Points are awarded to students based on the
grades achieved in the Leaving Certificate examinations (see Table 1). The number of
points achieved by a student is a major factor in determining courses to which the
student may gain entry in third level education. To boost the numbers of students
opting to study mathematics at Higher Level for the Leaving Certificate, 25 bonus
points were awarded to students who achieved a grade D3 or above in the Higher
Level Leaving Certificate mathematics examination. This measure, introduced in
2012, has had a noticeable effect on the proportion of students opting to study
Higher Level mathematics at Leaving Certificate. The proportion of students opting
for the Higher Level mathematics paper at Leaving Certificate increased from
15.8% in 2011 to 22.1% in 2012; 25.6% in 2013; and 27% in 2014 (SEC 2014). The
impact of this reported increase will be discussed in greater detail later in this article.
The UL diagnostic test and methodology
Students entering first year service mathematics modules for science-based and tech-
nology-based undergraduate degree courses at UL have been given a 40-question
mathematics diagnostic test (see sample questions in Appendix 1) without prior noti-
fication during their first assigned lecture each year since 1998. This test aims to assess
the performance of basic mathematical skills in selected mathematical topics. These
topics can be broadly grouped as arithmetic (13 questions), algebra (8 questions), geo-
metry (11 questions), calculus (7 questions), and modelling (1 question).
Of the 40 questions, 34 were set at a Leaving Certificate Ordinary Level standard
or below when the test was developed in 1997 by Prof. John O’Donoghue of the UL
Department of Mathematics & Statistics. The remaining six questions were set at a
Leaving Certificate Higher Level standard. Students who score 18/40 or less in this
diagnostic test are considered to be under-prepared for the mathematical demands
of their service mathematics module, thus they are deemed to be ‘at risk’. Research
by Faulkner (2012) objectively proved that setting this as the cut-off point for deter-
mining whether or not a student is ‘at risk’ would be an accurate prediction of their
Table 1. Points awarded for grades achieved in Leaving Certificate examinations. Note: HA1
represents an A1 grade at Higher Level; OB3 represents a B3 grade at Ordinary Level.
Grade Points Grade Points
HA1 100 OA1 60
HA2 90 OA2 50
HB1 85 OB1 45
HB2 80 OB2 40
HB3 75 OB3 35
HC1 70 OC1 30
HC2 65 OC2 25
HC3 60 OC3 20
HD1 55 OD1 15
HD2 50 OD2 10
HD3 45 OD3 5
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likely performance based on retrospective data. This conclusion was largely informed
by the finding that, in the period 1998–2008, 84.4% of students who achieved a markof
18 or less in the UL diagnostic test went on to fail their end-of-term examination. Stu-
dents who are termed ‘at risk’ are encouraged to avail of mathematics support services
available at UL in a timely and regular manner to address any gaps in their mathemat-
ical knowledge and skills.
The design of the UL diagnostic test was carried out through analysis and adjust-
ment of an initial list of 70 questions by a team of experienced service mathematics
lecturers. These lecturers reduced this set of 70 questions to the final 40 question
version used from 1997 to the present day. The questions are set to specifically
match the mathematical level required of students in the targeted UL service math-
ematics modules. The UL diagnostic test was piloted in Irish secondary schools and
compared with the European Society for Engineering Education (SEFI) Core Level
Zero syllabus for engineers, the Irish Junior Certificate mathematics syllabus, the
Irish Leaving Certificate mathematics syllabus, and further diagnostic tests to ensure
validity of this research tool (Gill et al. 2010).
Achieving internal consistency within a diagnostic test of this nature would ensure
that all items on this test measure the same construct. However, in this case, the UL
diagnostic test was aiming to replicate the types of questions on the Leaving Certificate
examinations when it was developed in 1997 and not measure one single construct. As
a result, internal consistency may have been sacrificed somewhat in an effort to ensure
the UL diagnostic test contained a spread of questions in the correct proportions
which represented the type of mathematical skills students were expected to master
in Leaving Certificate mathematics examinations at the time.
The UL diagnostic test places greater focus on the measure of computational skills
rather than problem-solving skills as this mirrored the focus of Leaving Certificate
mathematics up until the introduction of the new Project Maths curricula. Although
the test instrument now no longer matches Leaving Certificate mathematics as accu-
rately, maintaining the same test questions allows for consistency in the comparisons
of students’ basic mathematical skills across year groups regardless of the similarities it
has to the current curriculum. It must also be noted that all content examined through
the UL diagnostic test continues to be part of the Project Maths curricula at Senior
Cycle. As such, these basic skills would be required to successfully answer questions
posed in Leaving Certificate mathematics examinations.
Each year between 1998 and 2014, information regarding the UL diagnostic test
was gathered and recorded for each student in the UL database. This student infor-
mation included, among other information, their gender, undergraduate course,
Leaving Certificate mathematics examination grade, and whether or not they had
answered each of the 40 UL diagnostic test questions correctly. The UL database,
which contains data from these diagnostic tests, currently holds information on over
10,700 students. The same diagnostic test was used in each of these years to ensure
that direct comparisons in basic mathematical competency levels can be reliably
made. Conditions for the test were kept consistent – each test was completed in
lecture halls and the duration of the test was 45 minutes. Students were not provided
with advance notice of the test or the content by UL academic staff but it is possible
that they may have been informed of the test by students outside their cohort that had
completed the test themselves as beginning undergraduates in previous years.
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The use of calculators was not permitted during the UL diagnostic test in any given
year. Such a measure was taken in order to properly test whether students understood
how to successfully complete basic algorithms and procedures, for example, subtract-
ing one fraction from another; following the order of operations; or implementing the
laws of logarithms appropriately. If the use of calculators was permitted during the UL
diagnostic test then students could possibly obtain the correct answer without under-
standing how they arrived at that answer. Thus, removing the option of using a calcu-
lator ensures students must apply the required understanding to answer such questions
correctly.
The proportion of beginning undergraduates in these service mathematics modules
that attempted the UL diagnostic test tended to fluctuate in the period 2008–2014
(between 80.4% and 92.7%) as the test was not compulsory nor did it affect their
course credit. In order to accommodate this, the authors focussed the majority of
their analysis on statistics and trends in which student performance in the UL diagnos-
tic test was grouped according to their performance in the Leaving Certificate math-
ematics examinations. This ensured that changes in the Leaving Certificate
mathematics grade profile of each yearly cohort that completed the UL diagnostic
test would not impact upon key analysis within this study.
The fact that the test was not compulsory may limit the effort students put into
completing the questions. Similarly, the lack of warning given that they would be com-
pleting such a test negates any opportunities for preparation and thus may have hin-
dered students’ performance. However, these two limitations were a consistent
factor each year as students were reminded that the test outcome would not affect
their grade each time the test was administered and notification prior to the test
was never given. Thus, comparisons made between performances in any given year
should not be affected by these factors.
This paper will focus on data from 2008 to 2014 so that clear trends in the period
before, during, and just after the phased introduction of the Project Maths curriculum
to the Leaving Certificate mathematics examinations can be observed and analysed.
Research questions and hypothesis
Analysis of the data from the UL database was carried out in an attempt to aid the
authors in answering the following research questions:
. What are the trends in basic mathematical competency levels of beginning
undergraduates in each of the diagnostic test topics in the period 2008–2014?
. Are there noteworthy changes in basic mathematical competency levels which
can be aligned with the changes to the mathematics curriculum at second level
in the period 2008–2014?
. Is there any evidence of grade dilution in Leaving Certificate mathematics in the
period 2008–2014?
The authors hypothesised that basic mathematical competency levels would show
a decline in most of the diagnostic test topics during the period 2008–2014. Previous
research informed this hypothesis as it was determined that the execution of basic
mathematical skills by beginning undergraduates in the UL database was in decline
in the period 1998–2008 (Faulkner, Hannigan, and Fitzmaurice 2014) and the
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period 2003–2013 (Treacy and Faulkner 2015). The authors anticipated that evidence
of grade dilution would be present between 2008 and 2014 as there are indicators in
their previous research that such an issue was emerging during the phased introduction
of the Project Maths syllabus (Treacy and Faulkner 2015).
Mathematical background of students in the UL database
In order to comprehensively answer the research questions outlined in the previous
section, the mathematical background of the students who completed the UL diagnos-
tic test must be outlined in detail.
Proportion of students with higher level and ordinary level leaving certificate
backgrounds 2008–2014
Analysis of the achievements in Leaving Certificate mathematics will give an insight
into the typical profile of students entering service mathematics modules at UL.
The majority of students who completed the diagnostic test from 2008 to 2013 had
studied mathematics at Ordinary Level in the Leaving Certificate (between 50.4%
and 60.8%). From 2012 onwards, the proportion of beginning undergraduates who
had studied at Ordinary Level at Leaving Certificate began to fall while the proportion
of students who had studied mathematics at Higher Level for the Leaving Certificate
started to rise (see Figure 1). By 2014, the proportion of beginning undergraduate stu-
dents with a Higher Level Leaving Certificate mathematics background (51.2%) was
greater than the proportion of students with an Ordinary Level Leaving Certificate
background (43%) (see Figure 1).
This significant change may be explained in part by the offer of 25 bonus points
in the Leaving Certificate for students who obtain a grade D3 or higher in the
Higher Level mathematics examination. This initiative commenced in 2012 and has
been retained each year since, with no indication that the measure will be discontinued.
Since the introduction of these bonus points, there has been a noticeable increase in the
proportion of students opting for Higher Level mathematics at Leaving Certificate in
Figure 1. Proportion of students that completed the UL diagnostic test and entered UL service
mathematics modules from Leaving Certificate Higher Level, Leaving Certificate Ordinary
Level or other (2008–2014).
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Ireland, rising from 15.8% in 2011 to 22.1% in 2012, 25.6% in 2013 and 27% in
2014 (SEC 2014). This change has been reflected in the data recorded in the UL
database.
Students who either completed their secondary level studies outside Ireland, did
not sit their Leaving Certificate in the previous 10 years, or did not sit a Leaving Cer-
tificate mathematics examination at all were termed as ‘Other/Missing’ in the data-
base. These students typically accounted for a small percentage of each cohort, that
is, between 2.4% and 12.4%, with no pattern of note to this variation.
Proportion of students achieving each grade in leaving certificate mathematics 2008–
2014
Analysis of students’ performance in mathematics at Leaving Certificate (see Figure 2)
would indicate that students have achieved a similar spread of grades in Leaving Cer-
tificate examinations in the timeframe explored (2008–2014). There are, however,
some differences in the years 2012, 2013, and 2014 when compared to the years pre-
vious as the proportion of students achieving Ordinary Level A grades (OA) declined
while the proportion of those achieving Higher Level C grades (HC) and Higher Level
D grades (HD) increased in each of the years from 2012 to 2014. This change could be
partially explained by the introduction of bonus points during that period – those that
typically would have been expected to achieve Ordinary Level A grades in 2012, 2013,
and 2014 may have opted to study Leaving Certificate mathematics at Higher Level in
an attempt to take advantage of the bonus points on offer. Subsequently, these students
may then have achieved Higher Level C or D grades.
Results
This section will present the important results relevant to the research questions
outlined previously using data from the UL database collected between 2008 and
2014.
Figure 2. Percentage of students who completed the UL diagnostic test that achieved specific
Leaving Certificate mathematics grades (2008–2014).
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Proportion of students considered to be ‘at risk’ of failing their service mathematics
module
Treacy and Faulkner (2015) reported on the proportion of students assessed through
the UL diagnostic test who were deemed to be ‘at risk’ of failing their service math-
ematics final exam within the period 2003–2013. They reported a significant increase
in the proportion of ‘at risk’ students in that period: from 30.6% in 2003 and 25.6% in
2004 to 53.7% in 2012 and 48.7% in 2013. Similar proportions of ‘at risk’ students have
been observed in the 2014 cohort, with a figure of 48.6% recorded (see Figure 3). In the
period 2008–2011, the proportion of students at risk was between 40.6% and 46.1%.
After the introduction of bonus points, 2012 onwards, the proportion of students
designated ‘at risk’ upon completing the UL diagnostic test increased with recordings
of between 48.6% and 53.7%. Therefore, an increase in the proportion of students
studying Higher Level mathematics at Leaving Certificate over this time period has
coincided with a decrease in overall performance by students in the UL diagnostic
test (see Figures 2 and 3).
Performance of students in each diagnostic test topic 2008–2014
To investigate this increase in ‘at risk’ beginning undergraduates more closely, the per-
formance of students overall and also within each of the 5 mathematics topics of the
UL diagnostic test was analysed during this study. When students’ mean scores in
arithmetic, algebra, and calculus are compared for the years 2008 and 2014, a signifi-
cant decline (p < .05) is observed. These findings may provide some insight into the
effects the introduction of Project Maths has had on beginning undergraduates’ per-
formance of basic mathematical skills in each of these topics. As observed previously,
the spread of Leaving Certificate mathematics grades of students from the 2008 cohort
is noticeably different from students in the 2014 cohort (see Figure 2). It is therefore
necessary to examine students’ overall performance and their performance in each
Figure 3. Percentage of students who completed the UL diagnostic test that scored 18/40 or
less in the UL diagnostic test.
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topic on the UL diagnostic test according to the Leaving Certificate grade achieved.
This analysis will be outlined in the next section.
Performance in each topic on the UL diagnostic test per leaving certificate
mathematics grade
The grades which will be considered will be Higher Level B, C, and D grades. The
number of students in the database with Higher Level A grades was not sufficient
to carry out reliable statistical analysis thus it will not be outlined here. It was also
clear from early analysis that, even though there has been a noted increase in the pro-
portions of students in the UL database who have achieved Higher Level B, C, and D
grades in recent years, the proportion of students ‘at risk’ has increased noticeably in
that period. This anomaly encouraged the authors to explore in greater depth the data
of students who had achieved these grades.
The consistency of overall performance in the UL diagnostic test during the tran-
sition to the new Project Maths curriculum at Leaving Certificate varies significantly
when performances in this test are analysed according to the Leaving Certificate grade
achieved previously (see Table 2). Performance in the UL diagnostic test by students
who had achieved a Higher Level B grade in Leaving Certificate mathematics in 2014
was found not to have changed significantly when compared to the 2008 cohort. In
contrast, comparison of 2008 and 2014 data for students who achieved a Higher
Level C grade at Leaving Certificate indicated a significant decline (p< .001) in
mean performance in the UL diagnostic test. A significant decline (p< .001) was
also present when a similar comparison of 2008 and 2014 data was made for those
that achieved a Higher Level D grade at Leaving Certificate.
Students who achieved Leaving Certificate Higher Level B grades in the 2008
cohort performed similarly in most topics to those who achieved Leaving Certificate
Higher Level B grades in the 2014 cohort (see Table 3). Significant changes (p
< .05) were observed in two topics with improvement occurring in modelling, and a
decline in performance noted in calculus. Comparison of 2009 and 2014 data for stu-
dents who achieved a Higher Level B grade at Leaving Certificate indicated significant
declines (p < .05) in beginning undergraduates’ performances in algebra and calculus.
Table 2. Mean performance (standard deviation) in the UL diagnostic test of beginning
undergraduates who achieved Leaving Certificate mathematics Higher Level B, C, and D grades
from 2008 to 2014. Values are scores out of 40.
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Comparison of students who achieved Higher Level C grades in Leaving Certifi-
cate mathematics in 2008 and 2014 also demonstrated significant declines, some
more extreme than others. Significant declines (p< .05) in performance are evident
in four of the five topics: geometry, arithmetic, algebra, and calculus. The latter
three of these topics displayed declines in mean performance by students in 2014
which were of notable significance (p< .001) when compared to 2008 at this grade
level. Comparing the performances of the 2009 cohort to the 2014 cohort also high-
lights significant declines (p< .01) in mean performance of arithmetic, algebra, and
calculus at this grade level (see Table 4).
When mean performance in the specific topics of the UL diagnostic test of students
who achieved Higher Level D grades in the Leaving Certificate are compared for 2008
and 2014, significant declines (p< .01) are found in four of the five topics (see Table 5).
These topics are arithmetic, algebra, geometry, and calculus. Similar comparisons for
Table 3. Mean performance (standard deviation) in each of the UL diagnostic test topics of
beginning undergraduates who achieved Higher Level Leaving Certificate mathematics B grades
from 2008 to 2014. Values are percentage scores.
Table 4. Mean performance (standard deviation) in each of the UL diagnostic test topics of
beginning undergraduates who achieved Higher Level Leaving Certificate mathematics C
grades from 2008 to 2014. Values are percentage scores.
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the years 2009 and 2014 produce significant declines (p< .05) in the same topics except
for Calculus (p= .055) which was marginally outside the cut-off point. It is noteworthy
that there is no UL diagnostic test topic in which performance has increased signifi-
cantly for students with a Higher Level Leaving Certificate mathematics C grade or
D grade when 2008 data is compared to 2014 data (see Table 6).
Discussion
The comparisons drawn previously (see Results section) between mean scores within
each individual mathematical topic by students who achieved Higher Level Leaving
Certificate B, C, or D grades highlight declines in basic mathematical skills of students
who achieve those grades. Significant declines in mean performance between 2008 and
2014 for arithmetic, algebra, geometry, and calculus at both Higher Level C and D
grades (see Table 6) indicate that the basic skills inherent in these topics are in signifi-
cant decline amongst students entering university with these Leaving Certificate math-
ematics grades. The significance of this observation is further increased when one
considers that students entering UL service mathematics modules with particular
Table 5. Mean performance (standard deviation) in each of the UL diagnostic test topics of
beginning undergraduates who achieved Higher Level Leaving Certificate mathematics D
grades from 2008 to 2014. Values are percentage scores.
Table 6. Summary of statistically significant changes in beginning undergraduates’ mean
performance of basic mathematical skills by topic and by Leaving Certificate grade achieved.
UL Diagnostic Test Topic Higher Level B Higher Level C Higher Level D
Arithmetic
Algebra
Geometry
Calculus
Modelling
= Significant increase (p< .05) in performance when data from 2008 to 2014 are compared.
= Significant decline (p< .05) in performance when data from 2008 to 2014 are compared.
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Leaving Certificate mathematics grades performed to a similar level in the diagnostic
test between 1998 and 2008 (Faulkner, Hannigan, and Gill 2010). In other words, stu-
dents that achieved a particular Leaving Certificate mathematics grade in any given
year of the period 1998–2008 tended to perform at a similar level when completing
the UL diagnostic test.
The shift in emphasis from a focus on procedural knowledge in the previous math-
ematics curricula in Ireland to a focus on problem-solving in practical contexts
through the new Project Maths curricula could be a key reason for this decline in
basic mathematical skills among beginning undergraduates at UL. Similarly, there
has been a shift in emphasis through which greater emphasis is placed on probability
and statistics.
As 2014 was the first year that the fully implemented ‘Project Maths’ curriculum
was examined through the Leaving Certificate examinations, the findings presented
here raise questions concerning how this new curriculum affects the development of
basic mathematical skills of students studying mathematics at secondary level in
Ireland. The shift in focus from emphasis on the execution of procedure and algor-
ithms in the previous Senior Cycle mathematics curriculum to applications of math-
ematics and problem-solving in the new Project Maths curriculum would, according
to this data, appear to be negatively affecting students’ execution of basic mathemat-
ical skills examined through the UL diagnostic test.
The pattern of declining performance over time which has continued in 2014, as
outlined in the results section, may be expected as such a pattern of decline was in evi-
dence prior to the introduction of the Project Maths curriculum (Treacy and Faulkner
2015) and does not necessarily indicate a decline in overall mathematical ability of
these students. It has been documented that, in some instances, secondary students
studying the Project Maths curriculum appear to be successfully drawing together
their knowledge across different mathematical topics thus indicating that they are
beginning to acquire a deeper understanding of mathematics and how it can be
applied (Jeffes et al. 2013). However, the observed declines outlined in this paper is
an indicator that execution of the basic mathematical skills may be an emerging
issue that needs to be strongly considered so that deficiencies in this element of stu-
dents’ mathematical abilities can be addressed.
Conversely, it must be noted that performance in the modelling question of stu-
dents who achieved Higher Level B grades in the Leaving Certificate in the UL diag-
nostic test show significant improvement between 2008 and 2014 (see Table 6). The
aforementioned shift in focus to application of mathematics in different contexts
would appear to be aiding the modelling capabilities of the students who experienced
the ‘Project Maths’ syllabus at secondary level. However, having stated that, modelling
only accounts for one question on this diagnostic test and, as such, has not been exam-
ined in great detail through this test.
Analysis of student performance when Leaving Certificate grades are controlled
(see Table 6) would indicate that there are a greater number of significant declines
in mean performance within the individual mathematical topics the lower the grade
achieved at Higher Level in the Leaving Certificate mathematics examinations by
the student. This could be an indicator that the level of basic mathematical skills
required to achieve a grade C or a grade D in Higher Level Leaving Certificate math-
ematics in 2014 are below that which was required in 2008. Further magnifying the
importance of this observation is the recognition that students entering UL service
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mathematics modules with particular Leaving Certificate mathematics grades per-
formed to a similar level in the diagnostic test between 1998 and 2008 (Faulkner, Han-
nigan, and Gill 2010). Grade dilution must be considered in light of these findings as it
is clear that the basic mathematical skills required to achieve Higher Level C and D
grades in mathematics at Leaving Certificate in 2014 are below that which were
required in 2008.
In contrast, the basic mathematical skills demonstrated by those who achieved a
B grade in Higher Level mathematics at Leaving Certificate have not declined sig-
nificantly between 2008 and 2014 (see Table 2). As such, it would appear that the
transition to a new curriculum has not coincided with a marked decline in basic
mathematical skills for these students as measured by the UL diagnostic test.
This prompts further strong consideration of the trends highlighted in relation to
the students that achieved Higher Level C and D grades in mathematics at
Leaving Certificate. If the basic mathematical skills of those tested through the
UL diagnostic test who have achieved Leaving Certificate mathematics Higher
Level B grades have largely been maintained during this curriculum change then
one would question why such skills have changed so significantly among those
that achieved Higher Level C and D grades in 2014 when compared to the 2008
cohort (see Table 2). This consideration of grade dilution, however, can only be
definitively determined through further research specific to this issue on a national
scale but the indicators present in the data analysed suggest such a study is
warranted.
The authors are also acutely aware of the potential effect that the bonus points
being offered for achieving a grade D3 or higher in Leaving Certificate mathematics
at Higher Level from 2012 onwards may have had on the performance of students
achieving C and D grades at this level. Students who may not have had the required
level of basic mathematical skills to achieve a grade C or grade D in Leaving Certifi-
cate mathematics Higher Level examinations in the years before the introduction of
bonus points may have decided to study Leaving Certificate mathematics at Higher
Level in order to achieve these bonus points. As a result, upon the introduction of
bonus points, there may have been a rise in students who would potentially fail the
Leaving Certificate mathematics Higher Level examination thus prompting those
marking the examination to adjust the marking system to avoid a greater proportion
of failing grades.
The proportion of students opting for the Higher Level mathematics paper at
Leaving Certificate increased from 15.8% in 2011 to 22.1% in 2012; 25.6% in 2013;
and 27% in 2014 (SEC 2014). In the same period, the proportions of students who
failed this examination in 2012 (2.3%), 2013 (3.3%), and 2014 (4.2%) were quite
similar to the failure rate in previous years which was typically about 3% (SEC
2014). Upon examination of these trends, it is reasonable to question why this
would occur given that the proportion of students attempting the Higher Level
paper had increased so significantly from 2012 onwards and the basic mathematical
skills of beginning UL undergraduates, measured subsequently through the UL diag-
nostic test, had diminished at a significant rate. Again, this is an area which requires
further research and investigation.
It must also be noted that the UL diagnostic test predominantly examines students’
abilities to execute basic mathematical skills and procedures. Thus, outside of one
modelling question, the UL diagnostic test lacks the capacity to specifically establish
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whether or not there have been changes in beginning undergraduates’ problem-solving
and application skills. As specified previously, the UL diagnostic test indicates that
beginning undergraduates’ basic mathematical skills underwent a decline during the
period 2008–2014. It may be claimed that the reason for this decline is that the time
taken previously to focus on these basic mathematical skills in the classroom has
been sacrificed in order to place greater focus on improving problem-solving and
application skills which the UL diagnostic test does not specifically examine. If such
a claim is true, then it must be considered in this instance whether or not the sacrifice
of students’ ability to execute basic mathematical skills and procedures is justified in
order to establish improvements in problem-solving and applications of mathematics.
Similarly, if students are to apply their understanding of mathematics then surely they
must master the basic skills required to successfully apply this understanding. These
are key considerations which may play a significant role in shaping the future of math-
ematics education in Ireland.
Analysing the impact of mathematics curriculum change
The results outlined in this article provide an important perspective on the transition
that mathematics education has undergone at secondary level in Ireland. However,
passing judgement at this point regarding the overall impact of the recently introduced
Project Maths curriculum would be premature. Portugal implemented a mathematics
curriculum change at secondary level in the early 1990s which was quite similar to the
mathematics curriculum change implemented in Ireland recently as greater emphasis
was placed on problem-solving, real world applications, and graphical representations
(Ponte et al. 1994). Ponte et al. (1994) completed a comprehensive study of the views
and attitudes of teachers and students who were involved in a pilot curriculum devel-
opment programme for this curriculum change. It was determined that the 7th grade
students (12–13-year-olds) displayed the most noticeable change in attitude and a
greater willingness to embrace the new approach to mathematics classes. In contrast,
the 10th grade students (15–16-year-olds) did make some adjustments but seemed to
have established expectations regarding mathematics lessons, rejecting exploratory
activities they perceived to be ‘distracting and inefficient’ (Ponte et al. 1994, 363).
Observations of this nature highlight the difficulties which may be encountered
during the initial stages of curriculum change in mathematics at secondary level,
thus prompting the authors to suggest that the overall effect of such curriculum
change cannot be fully gauged at this early stage. It may be the case that, similar to
that which was reported by Ponte et al. (1994), the Project Maths curriculum is
being embraced in a more comprehensive manner by younger secondary school stu-
dents, thus the effects of this change would not be evident at Leaving Certificate or
upon their entry to third level education for a number of years. Research has shown
that mathematics curriculum reform takes time to fully implement with plenty of
obstacles impeding widespread adoption of the ideals espoused (Handal and Herring-
ton 2003; Schoenfeld 2014). As such, the findings discussed in this article need to be
carefully considered so that they may inform mathematics teaching and learning at
secondary level in Ireland, but must not be interpreted as an outright indictment of
the Project Maths curriculum. Judgement of the new curriculum must be reserved
until the full impact of this curriculum change can be properly observed in the
years to come.
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Conclusion
The phased introduction of the new Project Maths Senior Cycle curriculum in Ireland
aims to place greater emphasis on student understanding of mathematical concepts
with increased use of contexts and applications of mathematics in real world scenarios
(DES 2010). In addition to this, the introduction of bonus points awarded to students
who pass mathematics at Higher Level in the Leaving Certificate examinations has
been put in place to encourage a higher proportion of students to study mathematics
at this level in upper secondary education in Ireland. The bonus points measure has
been successful in so far as there has been a marked increase in the proportions of stu-
dents studying Higher Level mathematics at Leaving Certificate since its introduction.
However, it would appear that, according to the findings outlined in this research, this
measure and the new curriculum has coincided with a decline in performance of basic
mathematical skills among beginning undergraduate students entering UL from Irish
secondary education.
Significant declines in beginning undergraduates’ performance of basic math-
ematical skills are evident, particularly among students who have achieved Higher
Level C grades and Higher Level D grades in mathematics at Leaving Certificate.
These declines are especially noticeable in topics such as arithmetic, algebra, geome-
try, and calculus. Such findings prompt the authors to query whether grade dilution
is an emerging issue in relation to grades awarded for Leaving Certificate mathemat-
ics examinations. In any case, the noted declines in performance of basic mathemat-
ical skills does not bode well for successful transition to study of service mathematics
modules at tertiary level and, given that mathematics is the strongest predictor of
successful student progression through tertiary level education in Ireland (Mooney
et al. 2010), this is an issue which needs to be addressed sooner rather than later.
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